We construct samples of jetted active galactic nuclei (AGNs) with low-frequency radio data from the recent released TGSS AD1 catalog at 150 MHz. With these samples, we compare the properties of jet power for blazars, radio-loud narrow-line Seyfert 1 galaxies (RL-NLS1s), young radio sources (YRSs) and radio galaxies. The jet-disk connection, and the unification of jetted AGNs are explored. On the Eddington ratio -Eddington-scaled jet power plane, jetted AGNs can be generally divided into two populations. Low power radio galaxies, low excitation FR IIs (LEG/FR IIs), and most YRSs show larger jet power than accretion power, while FSRQs, RL-NLS1s, and high excitation FR IIs (HEG/FR IIs) are on the contrary. LEG/FR IIs share similar jet power properties with HEG/FR IIs, while their accretion properties are different with the latter. These facts suggest an evolutional sequence from HEG/FR IIs, LEG/FR IIs to FR Is, where the accretion and jet activities get dimmed gradually. LEG/FR IIs are the transitional objects that accretion processes have switched off, while jets are still active. After correcting the contribution from radio core of blazars, the unification between blazars and radio galaxies is confirmed with the jet power distributions. The unification involved RL-NLS1s is more complicated than the simple scenarios of black hole growth or orientation effect. In addition, our results manifest that low synchrotron peaked BL Lacs (LBLs) contain two distinct groups on the distribution of jet power, with one group similar with FSRQs and the other similar with intermediate synchrotron peaked BL Lacs. The LBLs with higher jet powers might be the aligned counterparts of LEG/FR IIs.
INTRODUCTION
A small fraction of active galactic nuclei (AGNs) host relativistic jets (e.g., Cao 2016; Padovani et al. 2017) . These jetted AGNs are usually found to be radio loud. When the jets move towards the earth, the radiation of AGNs is dominated by the non-thermal emission from aligned relativistic jets. These make up a subclass of AGNs, called blazars. When the viewing angles are larger, the Doppler boosting effect becomes insignificant, jetted AGNs are appeared as radio galaxies or steep-spectrum radio quasars (SSRQs). This scenario based on the orientation is usually called the unification model (Urry & Padovani 1995) . The unification model considers that the two subclasses of blazars, BL Lacs and FSRQs, are unified with FR I radio galaxies (FR Is) and FR II radio galaxies (FR IIs), respectively.
The FR dichotomy of radio galaxies is mainly based on the morphologies of the large-scale radio structure (Fanaroff & Riley 1974) . FR Is are found to be edge-darkened, while FR IIs are edge-brightened. Following the initially morphology based classification, it was suggested that the luminosity and accretion mode are also distinct between FR Is and FR IIs (Marchesini et al. 2004) , similar between BL Lacs and FSRQs (Ghisellini et al. 2009 (Ghisellini et al. , 2011 . FR IIs and FSRQs are accepted to accrete at radiatively efficient state, while FR Is and BL Lacs are associated with radiatively inefficient accretion. There are also several suggestions that jetted AGNs with high and low accretion rates also correspond to high excitation radio galaxies (HEGs) and low excitation radio galaxies (LEG, Buttiglione et al. 2010; Best & Heckman 2012 , but also see Hu et al. 2016) , respectively. In observations, FR Is are usually found to be LEGs, while FR IIs contain both LEGs and HEGs (Buttiglione et al. 2010; Capetti et al. 2017a,b) .
The spectral energy distributions (SEDs) of blazars are characterized by two bumps. Based on the peak frequency of synchrotron radiation, blazars can be divided into three subclasses, low synchrotron peaked blazars (LSPs), intermediate synchrotron peaked blazars (ISPs) and high synchrotron peaked blazars (HSPs; Abdo et al. 2010; Fan et al. 2016a) . FSRQs are usually found to be LSPs, while BL Lacs with different SED classes, i.e., LSP BL Lacs (LBLs), ISP BL Lacs (IBLs), and HSP BL Lacs (HBLs) are all found. Recently, Giommi et al. (2012) explored the intrinsic properties of blazars based on the Monte-Carlo simulations, and proposed that LBLs were the results of selection effects and they were actually FSRQs with the emission lines diluted by the jet radiation (Ghisellini et al. 2011; Sbarrato et al. 2014 ).
Another subclass of jetted AGNs which is thought to be important on the unification is radio-loud narrow-line Seyfert 1 galaxies/quasars (RL-NLS1s, Foschini 2017a). More and more evidences support that RL-NLS1s host powerful relativistic jets with smaller black hole mass, and will evolve to FSRQs or classical FR IIs (Abdo et al. 2009; Foschini et al. 2015; Paliya et al. 2019) . What is the parent population of flat-spectrum RL-NLS1s then becomes another problem. Some authors suggested that compact steep sources (CSSs, also know as young radio sources or YRSs) were another candidate type in addition to steep-spectrum RL-NLS1s (Berton et al. 2016 .
Jet power is a fundamental parameter of jet physics, and less affected by the orientation effect. It is also found to be tightly connected with black hole mass and accretion process, which is known as the jet-disk connection (Sbarrato et al. 2014; Inoue et al. 2017 , but also see Mingo et al. 2014) . Thus jet power is useful to clarify the unification and evolution on jetted AGNs. The estimation of jet power is usually based on the observations of radio lobes or hot spots (Cavagnolo et al. 2010; Godfrey & Shabala 2013) 1 . Limited by the observations, this method can only be applied to several tens nearby radio galaxies. Based on the direct constraints on jet power, there are several empirical relations between jet power and 151 MHz radio luminosity (Willott et al. 1999; Cavagnolo et al. 2010; Godfrey & Shabala 2013) . Recent years, several new catalogs of all sky surveys at low radio frequency (around 150 MHz) have been released (Hurley-Walker et al. 2017; Intema et al. 2017; Shimwell et al. 2017) . These catalogs provide good opportunities to explore the jet power properties of jetted AGNs.
For blazars, the extended emission may be dominant even at low-frequency radio observations. Thus the estimation of jet power using monochromatic radio luminosity for blazars should be with caution (Meyer et al. 2011) .
With the recently released TGSS (TIFR Giant metrewave radio telescope Sky Survey) AD1 (First alternative data release) catalog (Intema et al. 2017) , showed that the low-frequency radio emission of blazars was the mixture of core and extended components (Massaro et al. 2013) , and the extended jet emission of blazars at 150 MHz could be recovered with a correction factor 2.1. This correction makes it possible to estimate jet power and explore the jet-disk connection for larger sample of blazars. In this paper, we will show that this correction makes good unification on the jet power distributions between blazars and radio galaxies.
In this paper, we cross-match several samples of currently known jetted AGNs with the TGSS AD1. Benefited from the large samples of TGSS samples, we can compare the jet power properties between different SED subclasses of blazars, as well as between jetted AGNs with and without γ-ray detections. Then we verify the unification model, and the jet-disk connection combined the main types of jetted AGNs. In section 2, we describe the samples of jetted AGNs used in this work. Section 3 shows the jet power properties of different samples. The jet-disk connection, especially the Eddington-scaled jet power and jet production efficiency, are discussed in Section 4. In section 5, we discuss some implications of our results. The main conclusions are summarized in section 6. Throughout this paper, we use a ΛCDM cosmology with H 0 = 71 km s (Komatsu et al. 2009 ).
SAMPLE PROPERTY
In this paper, we use the low-frequency radio catalog of the TGSS AD1 at 150 MHz to estimate jet power. The TGSS survey covers 90% of all sky between -53
• and +90
• declination. The median sensitivity limit is about 3.5 mJy beam −1 . The astrometric accuracy is about 2 ′′ in right ascension and declination (Intema et al. 2017) . The TGSS AD1 contains 0.62 million radio sources, which is one of the largest and deepest low frequency radio catalog currently (Shimwell et al. 2017) .
For blazars, we consider the multi-wavelength sample -Roma-BZCAT (Massaro et al. 2009 (Massaro et al. , 2015 , and the γ-ray sample -the third catalog of AGNs detected by Fermi/LAT (3LAC) clean sample (Ackermann et al. 2015) . For RL-NLS1s, the γ-ray detected NLS1s (Paliya et al. 2019 ) and the NLS1 sample selected from SDSS DR12 (Rakshit et al. 2017) are applied in our analyses. The sample of YRSs is derived from a combined sample (most are CSS, 82/147) in Liao et al (2019, submitted, private communication) . For radio galaxies, the 3CR sample with z < 0.3 (Buttiglione et al. 2010 (Buttiglione et al. , 2011 and the recently builded FRICAT (Capetti et al. 2017a) and FRIICAT (Capetti et al. 2017b) , which have optical spectrographic observations to constrain the accretion properties, are used in our work. Firstly, we compare the association results between various samples and TGSS AD1 for different matching radius. The changes of counts along with the separations are plotted in Figure 1 . For blazars (3LAC clean sample and BZCAT), the counts are less variable when the radius is greater than 5
′′ . The counts of the matching sample between DR12 NLS1s and TGSS AD1 also rise sharply when the separation is less than 5 ′′ . Interestingly, the counts get rise when the separation is larger than about 18
′′ . This result may be related to the largescale radio structures of RL-NLS1s (e.g., Rakshit et al. 2018) , which is beyond the contents of this work. In order to avoid the spurious associations, we choose 5
′′ for the association of blazars and NLS1s. For the γ-ray NLS1s and YRSs, we find 15 of 16 objects in Paliya et al. (2019) , and 116 of 147 in Liao et al. (2019) , respectively. The separations are all less than 10 ′′ . Thus we consider all these associations.
For radio galaxies, the conditions are a little completed. The counts change sharply when the radius is less than 5 ′′ , which reflect the position uncertainties between different observation instruments, just like the case for blazars. But as the radio galaxies is extended at radio band, the position could be different for different frequencies. For FR Is, the brightest component is generally coincident with the center of the host galaxy (SDSS coordinates). Thus the counts is less variable for FRICAT-TGSS sample when the radius is larger than about 15
′′ . For FRIICAT-TGSS sample with separation greater than 15 ′′ , the counts are increasing due to two reasons. One is that the brightest components (hot spots) of FR IIs are not consistent with the optical cores. The other is that there are multiple TGSS objects for one FRIICAT object. We check these multiple associations, and find for the cases of two counterparts, the separations are generally equal, which may correspond to two radio lobes. Except for one case, one of the two separations is about 13 ′′ , smaller than the other association. When the matching radius is less than 12 ′′ , all the associations are unique. For 3CR-TGSS sample, the counts are less variable at 12 ′′ . In order to avoid the spurious associations, we choose 12 ′′ for all the associations of radio galaxies 2 . Within the TGSS field, the clean sample of 3LAC has 1328 sources. We find 983 of them in TGSS AD1 within the separation of 5
′′ . There are 3366 sources in BZCAT within the TGSS field. We find 2395 of them in TGSS AD1 within the separation of 5 ′′ . The detection rate is about 74.0% and 71.2% respectively, about two times larger than the previous works (Giroletti et al. 2016 ′′ . The detection rate is only 0.69%. The jet power of NLS1s is generally larger than 10 43 erg s −1 , thus we consider they are all radio loud. Rakshit et al. (2017) found 555 associations (detection rate 5.0%) compared SDSS DR12 NLS1s with FIRST survey within a search radius of 2 ′′ . The deviation of the detection rates between these two radio bands can be due to the low sensitivity of lowfrequency radio survey, or the relative flatter spectrum of RL-NLS1s between 150 MHz and 1.4 GHz. For YRSs, there are several objects with blazar-like features which have been labelled in Liao et al. (2019) . These objects are excluded from our analyses. Finally there are 108 YRSs whose jet powers are estimated.
The 3CR sample contains 113 sources with z < 0.3, which have 76 common sources within 12 ′′ of TGSS AD1 sources. We compare the luminosity between 3CR and TGSS AD1 for the 76 common sources. Most sources distribute along the equation line, only 5/76 objects show the dispersions larger than 0.3 dex. The mean value of the dispersion between 3CR and TGSS is 0.05 dex with the standard deviation 0.32 dex (when the five obvious outliers are excluded, the dispersion is only 0.02 dex with the standard deviation 0.08 dex). For a larger sample, we use the 178 MHz luminosity in 3CR and converted it into 150 MHz with a spectral index 0.7 (S ν ∝ ν −α ). There are some suggestions that the LEG FR IIs is totally different with the HEG and broad line FR IIs (Urry & Padovani 1995; Lin et al. 2010; Baldi et al. 2013) . Thus for the FR IIs of 3CR sample, the high excitation and broad line radio galaxies (hereafter HEG/FR IIs) are considered separately with low excitation radio galaxies (hereafter LEG/FR IIs). In order to explore the jet-disk connection, it needs the properties of bolometric luminosity of accretion process and the central black hole mass. We cross match the BZCAT-TGSS sample with SDSS DR7 quasar sample in Shen et al. (2011) . This results in a blazar sample of 361 objects with black hole mass and bolometric luminosity estimations. Among them, 337 objects are classified as FSRQs in BZCAT. The bolometric luminosity and black hole mass listed in Shen et al. (2011) are used. Among 108 YRSs, 69 of them have estimations of black hole mass and bolometric luminosity. For RL-NLS1s, 77 objects all have black hole mass and bolometric luminosity estimations. For the radio galaxies, the [Oiii] luminosity is used to estimate the bolometric luminosity with the correction factor L bol = 3500 L [OIII] (Best & Heckman 2012) . The black hole mass estimations are given for FRICAT and FRIICAT. The black hole mass of 3CR radio galaxies are estimated with host galaxy magnitude as Buttiglione et al. (2010) 3 . Finally, there are 127 objects in FRICAT and 55 objects in FRIICAT. For 3CR sample, there are 12 FR Is, 40 HEG/FR IIs and 18 LEG/FR IIs. The construction of each sample is also included in Table 1 .
THE PROPERTIES OF JET POWER
Throughout this paper, the jet power is estimated with the P j -L 151 relation in Godfrey & Shabala (2013) 
To correct the combined core and extended radio emission of blazars, L 151 /2.1 are used in Equation 1 to estimate their jet powers ).
Jet Power of γ-ray Sources
The jet power distributions of γ-ray blazars and NLS1s are plotted in Figure 2 . The jet power of LBLs shows a very broad distribution, which is somewhat bimodal. The K-S test between the distributions of FSRQs and LBLs shows clear distinct distributions, with D = 0.36 and P rob = 4.3 × 10 −6 (also see Table 1 ) 4 . The bimodal distribution of LBLs suggests that they may contain two populations, one is actually FSRQs as suggested by Giommi et al. (2012) . The other is transitional type BL Lacs which show weak emission lines and intermediate jet power.
We generally divide LBLs into two groups with the limit 10 44.6 erg s −1 (Figure 2 ). 33 of 57 LBLs with the jet power larger than 10 44.6 erg s −1 show similar jet power distribution with FSRQs. The other LBLs show similar distribution with IBLs (Table 1 ). The mean values of the jet power of high and low power groups are also similar with FSRQs and IBLs, respectively (Table 1) .
The top panel of Figure 3 shows the distribution of jet power along with the redshift. LBLs also show a wide range of redshifts, which is overlapped with both FSRQs and BL Lacs. The higher power LBLs locate at high redshifts similar with FSRQs, while the lower power ones locate at low redshifts, which are similar with BL Lacs.
The mean jet power of γ-ray NLS1s is smaller than FSRQs and high power LBLs, but larger than HBLs and IBLs (Table 1 ). The K-S tests show that their distribution of jet power is different with other classes of blazars. Paliya et al. (2019) estimated jet power of γ-ray NLS1s based on the results of SED fit, and found similar results.
Blazar Sequence
The well established blazar sequence is represented by a significant correlation between (bolometric) luminosity and peak frequency of blazars , but also see Meyer et al. 2011; Giommi et al. 2012 ). Blazar sequence is usually explained as the increasing cooling from the brightening external photon field, which results in the lower peak and higher luminosity . Recent discoveries of γ-ray NLS1s and highfrequency high-luminosity blazars challenge this scenario Foschini 2017a ). Here we examine the correlation between peak frequency and jet power in the bottom panel of Figure 3 . These two parameters show an obvious negative trend, with the correlation coefficient of Spearman correlation test ρ = −0.62, and the chance probability of no correlation P = 1.7 × 10 −64 for blazars. When NLS1s are included, this trend gets slightly better with ρ = −0.64 and P = 6.5 × 10 −67 . The peak frequency is related to radiation processes in the dissipation region at pc- scale, while jet power is associated with the physics of large-scale extended jet structures. Thus the correlation between these two parameters should not be direct, but indicates that the peak frequency is dependent on some fundamental properties of jet physics, such as the black hole mass (Fan et al. 2016b) , or the evolution of central engines (Foschini 2017a ).
Jet Power of γ-ray and non-γ-ray Sources
A fraction of blazars, as well as most RL-NLS1s are not detected by Fermi/LAT. Why these sources are γ-ray weak? Most researches found that the γ-ray sources had relatively higher Doppler factors (Pushkarev et al. 2009; Lister et al. 2009 Lister et al. , 2015 Savolainen et al. 2010; Wu et al. 2014 ). Here we compare the jet powers of γ-ray blazars and NLS1s with those of the corresponding γ-ray quiet samples (Figure 4 ). γ-ray and non-γ-ray sources show no difference on the distributions of jet power (i.e., extended jet emission, Table 1 ). These results support that γ-ray and non-γ-ray sources share similar intrinsic properties on jet physics, and the difference between γ-ray and non-γ-ray sources is mainly caused by different viewing angles. Radio galaxies, as the unified version of blazars, should have similar distribution of jet power with blazars (Urry & Padovani 1995) . We examine the jet power distribution of the BZCAT blazar sample and three samples of radio galaxies ( Figure 5 ). To stress the radio galaxies with small sample sizes, we confine the peak to 80 in the upper panel of Figure 5 , where the lacking distribution of FSRQs is same with that of Figure 4 . BL Lacs and FR Is in 3CR have similar jet power, while FSRQs have similar jet power with HEG/FR IIs and LEG/FR IIs in 3CR (Table 1) . The K-S test shows that BL Lacs and 3CR FR Is share similar distributions. In addition, FSRQs and HEG/FR IIs have similar jet power distributions, while HEG/FR IIs and LEG/FR IIs also belong to same distribution on jet power (Table 1) .
Jet Power of Jetted AGNs
The radio galaxies in FRICAT and FRIICAT have much lower jet power than 3CR radio galaxies (Table 1) . Interestingly, the K-S test shows that BL Lacs have similar jet power distributions with FR IIs in FRIICAT, while BL Lacs and FRICAT objects are derived from distinct samples ( Table 1) .
The jet power of RL-NLS1 is generally less than FSRQs and classic FR IIs, and larger than that of BL Lacs and radio galaxies in FRICAT and FRIICAT. YRSs Figure 6 shows the scatters of accretion power and jet power. The partial Kendall's τ correlation test (Akritas & Siebert 1996) shows that the hypothesis of no correlation between these two parameters is rejected at a significance 0.05 when the influence from redshift is excluded, with τ = 0.28 and σ = 0.02. FSRQs and HEG/FR IIs lie on the right-top corner on the accretion power -jet power diagram. FR Is in 3CR and FRICAT as well as the FR IIs in FRIICAT stay on the left-bottom region with smaller jet power and accretion power. RL-NLS1s generally concentrate on the middle region, while YRSs span wide distributions on both accretion power and jet power. The results for blazars and RL-NLS1s are consistent with other works where the jet power was constrained by various methods (Sbarrato et al. 2014; Foschini 2017a; Paliya et al. 2019) 4.2. The Distribution of Eddington-scaled Jet Power and Jet Production Efficiency In this section, we estimate Eddington-scaled jet power (P j /L Edd ) and jet production efficiency (P j /L bol 5 ) for various samples of jetted AGNs. Figure 7 shows the distributions of Eddington-scaled jet power. The mean Eddington-scaled jet power of FSRQs, HEG/FR IIs and LEG/FR IIs are similar (Table 1) , although the range of FSRQs is very broad and extends to 10 −4 . The K-S tests show that these three populations share similar distributions (Table 1) . P j /L Edd of FR Is in both 3CR and FRICAT are similar. The K-S test shows that these two populations share same distribution (Table 1) . FR IIs in FRIICAT have intermediate Eddington-scaled jet power. The K-S tests show that their distribution is different from FR IIs in 3CR, including both HEGs and LEGs (Table 1) . RL-NLS1s and YRSs own the highest Eddington-scaled jet power. But their distributions are completely distinct (Table 1 ). All RL-NLS1s have Eddington-scaled jet power larger than 10 −3 . The 5 Note that the production efficiency is also defined as η = P j /Ṁ c 2 (e.g., Sikora & Begelman 2013 , whereṀ is the accretion rate), which equals to P j /L bol times the radiative efficiency of accretion process. These two definitions are equivalent if the radiative efficiency is considered as a constant. Eddington-scaled jet powers of YRSs span a wide range, while those of several YRSs are as low as 10
−5 . Figure 8 shows the distributions of jet production efficiency. FR Is in 3CR have the largest jet production efficiency. FR Is in FRICAT, FR IIs in FRIICAT, and LEG/FR IIs in 3CR show relatively high P j /L bol with P j > L bol . The HEG/FR IIs, FSRQs, and RL-NLS1s have the lowest jet production efficiency. Again, YRSs show a wide distribution of P j /L bol from 0.01 to 10, with the mean value close to 1. We also apply K-S tests for the distributions of jet production efficiency of various samples, only the LEG/FR IIs in 3CR show similar distribution with FR IIs in FRIICAT (Table 1) . Ledlow & Owen (1996) plotted the scatter between radio luminosity and absolute magnitude of host galaxy for radio galaxies, and found a clear division between FR Is and FR IIs on this diagram. This division is suggested as a switch at a fixed ratio between the jet power and Eddington luminosity (Ghisellini & Celotti 2001; Wu & Cao 2008 , also see the review of Tadhunter 2016).
The Connection with Central Black Hole Mass
In the top panel of Figure 9 , we plot the jet power versus central black hole mass for the samples in our work. The ratio between jet power and Eddington luminosity 0.1, 0.01, and 0.001 are overplotted on the P j -M BH plane. These lines seem unable to recover the division between FR Is and FR IIs/FSRQs. Actually, there seems no clear boundary or division line among different subclasses of jetted AGNs. This means the jet power is not only depend on the black hole mass, but also on some other physical features, such as the black hole spin, evolution, or the jet production efficiency, which is shown in Figure 8 .
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There are also other suggestions that the FR Is and FR IIs/FSRQs can be divided on the L bol -M BH plane (Buttiglione et al. 2010; Tadhunter 2016 As noted by Foschini (2017a) , jetted AGNs with low black hole mass and radiatively inefficient accretion are not observed on the left-bottom region of the L bol -M BH plane. This can be a selection bias due to their low luminosity and low jet power.
Three FR IIs with extreme small black hole mass, which noted by Capetti et al. (2017b) locate at the similar region with RL-NLS1s and YRSs on the L bol -M BH and P j -M BH plane. These three FR IIs have much smaller black hole mass, but relative higher bolometric luminosity and jet power.
The Connection with Eddington Ratio
The top panel of Figure 10 shows the correlation between Eddington-scaled jet power and Eddington ratio, which is also seen as a proxy of the jet-disk connection (Sbarrato et al. 2014 ). The equation line (blue solid line) divide the sources into two general groups. When the Eddington ratio is relatively high, the accretion power is larger than jet power except for YRSs and fractional RL-NLS1s. When the Eddington ratio is low, generally less than 0.01, the jet power of most sources is larger than accretion power. The LEG/FR IIs and HEG/FR IIs in 3CR can generally be divided by the equation line on the L bol /L Edd -P j /L Edd diagram. The P j /L Edd of all the LEG/FR IIs is larger than L bol /L Edd , while most HEG/FR IIs, FSRQs and RLNLS1s show smaller P j /L Edd compared with L bol /L Edd . FR Is in 3CR, and most radio galaxies in FRICAT and FRIICAT with lower Eddington ratio have the Eddington-scaled jet power larger than accretion power. YRSs are the obvious outliers on the L bol /L Edd -P j /L Edd diagram. Most YRSs have relatively high Eddington ratio, but their Eddington-scaled jet power is larger than Eddington ratio. We fit the linear relation for the sources with Eddington ratio larger and less 0.01. The results give that log P j /L Edd = 0.73 ± 0.08 log L bol /L Edd − 0.59 ± 0.25
and log P j /L Edd = 0.58 ± 0.10 log L bol /L Edd − 1.38 ± 0.08
respectively. These two relations have similar slopes, with different intercepts. The overall linear fit gives that log P j /L Edd = 0.48 ± 0.02 log L bol /L Edd − 1.44 ± 0.04
The jet production efficiency is found to be negatively correlated with the Eddington ratio for radio galaxies (Janiak et al. 2015; Sikora & Begelman 2013 ). Here we add blazars, RL-NLS1s, and YRSs into this diagram (bottom panel of Figure 10 ). Blazars (mostly FSRQs) locate at the similar position with 3CR HEG/FR IIs, with higher Eddington ratio and lower jet production efficiency. FR Is in 3CR and FRICAT, and LEG/FR IIs in 3CR and FRIICAT show lower Eddington ratio and higher jet production efficiency. RL-NLS1s and YRSs do not follow the negative correlation between L bol /L Edd and P j /L bol . YRSs with higher L bol /L Edd have relatively higher P j /L bol , while those with lower L bol /L Edd show lower P j /L bol . The jet production efficiency of RLNLS1s is larger than FSRQs, while the Eddington ratio shows similar trend between FSRQs and RL-NLS1s. We also apply a linear regression between L bol /L Edd and P j /L bol . The result gives that log P j /L bol = −0.57 ± 0.02 log L bol /L Edd − 1.51 ± 0.04
The relations for the sources with high and low Eddington ratios are
and log P j /L bol = −1.05 ± 0.10 log L bol /L Edd − 1.83 ± 0.08
respectively. The slopes of these two population are slightly different. The sources with lower jet production efficiency show a steeper slope with Eddington ratio. We note that all the linear relations above have large scatter (> 0.3 dex) when all the subclasses of jetted AGNs, especially YRSs and RL-NLS1s, are included. This can be due to additional physical factors affecting jet power, such as evolution or the black hole spin (Section 5.3). Currently, most researches support that the observational difference is fundamentally due to the distinction on the accretion mode. FSRQs are powered by the radiatively efficient accretion disk associated with ionized emission line region. BL Lacs are fueled by hot gas and radatively inefficient accretion (Ghisellini et al. 2009 (Ghisellini et al. , 2011 Giommi et al. 2012; Sbarrato et al. 2014) . In another side, the synchrotron peak frequency of BL Lacs can span from 10 12 Hz to as high as 10 18 Hz. The properties of HBLs are usually found to be different with LBLs (Ghisellini et al. 1993; Padovani & Giommi 1995) . LBLs are usually selected from radio surveys, thus they are also named radio-selected BL Lacs (RBLs) historically, while HBLs are mostly X-ray selected (Urry & Padovani 1995; Giommi et al. 2012) . LBLs can show relatively stronger emission line and higher luminosity than typical HBLs (Ghisellini et al. 2010) . Giommi et al. (2012) suggested that LBLs and FSRQs were the same objects with different dilutions from jet emission at optical band. It was also found that there were some LBLs at high redshift with the radio morphologies similar with FR IIs (Urry & Padovani 1995) .
The jet powers of LBLs span a wide distribution (Figure 2) . The K-S tests manifest that the high power LBLs (> 10 44.6 erg s −1 ) show similar jet power distribution with FSRQs, while the jet power distribution of low power LBLs is similar with that of IBLs (Table 1). These results indicate that not all, but fractional LBLs are intrinsically FSRQs. The other LBLs are indeed BL Lacs which host low power jet and featureless spectra. But it still needs to answer why these high power LBLs show weak emission lines than typical FSRQs. One possibility is that they have stronger Doppler boosting than FSRQs, which dilutes the emission lines ). But there is also another possibility that their central engines are intrinsically different, i.e., the aligned counterparts of LEG/FR IIs (see details in Section 5.3.1).
The Nature of LEG/FR IIs
The Eddington ratios of radio galaxies are clear bimodal at about 0.01, which correspond to HEGs and LEGs for high and low Eddington ratios, respectively (Buttiglione et al. 2010; Best & Heckman 2012) . Thus HEGs and LEGs are suggested to be fundamental different on the accretion modes and the environments of host galaxies (Best & Heckman 2012; Tadhunter 2016) . HEGs are fueled with radiatively efficient accretion, and hosted by galaxies with more cold gas and higher star formation rate. LEGs are associated with radiatively inefficient accretion. The host galaxies of LEGs are gas poor. FR Is are usually found to be LEGs. Among FR IIs, both HEGs and LEGs are obseved (Buttiglione et al. 2010) . LEG/FR IIs are be-
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lieved to be intrinsically different with the strong lined FR IIs in 3CR. Baldi et al. (2013) also showed that the difference between LEG/FR IIs and HEG/FR IIs in 3CR was not due to the orientation, but the accretion mode. Therefore, LEG and weak line FR IIs are taken as the outliers of unification model based on the orientations (Urry & Padovani 1995; Tadhunter 2016) .
Our results manifest that the distributions of jet power and Eddington-scaled jet power are similar between LEG/FR IIs and HEG/FR IIs ( Figure 5 and Figure 7 ), but the jet production efficiency of LEG/FR IIs is larger than HEG/FR IIs (Figure 8) . The jet production efficiencies of LEGs (including FR Is and LEG/FR IIs in 3CR) are larger than 1 (i.e., P j > L bol ), while HEGs are on the contrary (Figure 8 ). On the L bol -M BH diagram, HEG/FR IIs and LEG/FR IIs are generally divided by the line L bol = 0.01L Edd . These results suggest that the jet properties are similar for HEG/FR IIs and LEG/FR IIs. But their accretion properties are different, which leads to the difference on the jet production efficiency (Sikora & Begelman 2013; ).
Tadhunter (2016) suggested that LEG/FR IIs originated from the intermittent activity or the evolutional consequence of the central engine, where the shut-down timescale of jet is much longer than the accretion disk and emission line region. About 10 6 year after switchoff-phase of accretion process, the jet activity would become weak, and the objects will be appeared as weak lined FR Is. This suggests an evolutional sequence among various classes of radio galaxies. HEG/FR IIs are triggered by merger events, where the central engines are fueled by the cold gas and radiatively efficient accretion. When the central engines switch off, the jets are still active, which are appeared as LEG/FR IIs. After the jet activities also get weak, they will act as FR Is, which can be fueled by the hot gas and radiatively inefficient accretion (Buttiglione et al. 2010; Best & Heckman 2012; Tadhunter 2016 ). This scenario expects that the gas environments are similar between LEG/FR IIs and FR Is, as their accretion process might be both supplied by the hot gas. Actually Capetti et al. (2017b) noted that the LEG/FR IIs in FRIICAT shared similar properties of black hole mass and host galaxy with FR Is in FRICAT.
The Unification of Jetted AGNs

The Unification between Blazars and Radio Galaxies
Blazars and radio galaxies (at least for FR Is and strong-lined FR IIs) are believed to be the AGNs with same properties. The observational differences are due to the anisotropic radiation caused by Doppler beaming effect (Urry & Padovani 1995) . This unification scenario between blazars and radio galaxies has been verified in the literatures by many authors (Bai & Lee 2001; Xu et al. 2009; Xiong et al. 2015) . In this paper, we compare the jet powers (extended jet emission) for BZCAT blazars and 3CR radio galaxies. The results of K-S test for the jet power distributions support the unifications between FR Is/FR IIs and BL Lacs/FSRQs, respectively (Table 1) . In opposite, if the unification scenarios is correct (Urry & Padovani 1995) , the correction factor between the observed luminosity and the extended luminosity at 150 MHz for blazars is reliable . Note that the significance of K-S test can be weakened by several selection effects (Urry & Padovani 1995) , e.g., the different ranges of redshift for radio galaxies and blazars. Another scatter comes from the constant correction factor applied for whole blazar population (2.1 in our case, .
The distributions of jet production efficiency for HEG/FR IIs and FSRQ is slightly different, with the P j /L bol of HEG/FR IIs larger than FSRQs (Table 1) . The jet production efficiency is suggested to be related to the accretion mode, as the later affects the magnetic field (Ghosh & Abramowicz 1997) . The radiative efficient accretion corresponds to low P j /L bol , while the high P j /L bol is only observed in the source with low Eddington ratio (except YRSs, bottom panel of Figure 10 ). Thus the difference on the jet production efficiency between FSRQs and HEG/FR IIs could be caused by the potential evolution of accretion process from high and low redshifts (e.g. Tadhunter 2016). The radio galaxies in this work is confined by a redshift limit of z < 0.3 (Buttiglione et al. 2010 (Buttiglione et al. , 2011 Capetti et al. 2017a,b) . This range of redshift is general consistent with BL Lacs, but much smaller than FSRQs. The evolution of blazars/radio galaxies from high to low redshifts needs more explorations.
Our results and several other works suggest that the high power LBLs are actually FSRQs, which are unified with FR IIs. But LBLs usually show weak emission lines than typical FSRQs. Among FR IIs, there are also some transitional objects with low excitation or weak line properties, i.e., LEG/FR IIs. This gives a hint that these high power LBLs may be unified with LEG/FR IIs. This scenario can be examined by the spectroscopy observation at infrared, as suggested by Giommi et al. (2012) . The number counts for flux-limited samples are also helpful. But it needs to keep in mind that the BL Lacs lacking redshift measurements would affect the results of population statics .
In addition, the radio galaxies in FRICAT and FRI-ICAT show much lower jet power than blazars and 3CR radio galaxies. The low power radio galaxies show much smaller black hole mass compared with the 3CR radio galaxies (Table 1) . They could be the low power counterparts with lower black hole mass compared with the classical radio galaxies. However, the Eddington-scaled jet power of FR IIs in FRIICAT (mostly LEGs) is slightly smaller than the LEG/FR IIs in 3CR, while their distributions of jet production efficiency are similar. On the other side, the FR Is in FRICAT and 3CR show similar distributions on the Eddington-scaled jet power. But the distributions of their jet production efficiency are different. These results indicate that some additional factors affect the jet power properties between low power and classical radio galaxies.
Until now, we do not consider the effect on the jet power due to different black hole spins (Sikora et al. 2007 ). Wu & Cao (2008) calculated the jet power for radiative inefficient accretion flow with different black hole spins based on a hybrid model (Meier 1999) . The jet power can differ by one magnitude of order for different black hole spins with same accretion rate (also see Sikora & Begelman 2013) . Thus, the different black hole spins can be a possible reason to explain the low power of radio galaxies in FRICAT and FRIICAT.
According to the unification model, there should be a population of aligned low power radio sources, which is unified with the radio galaxies in FRICAT and FRI-ICAT. They can be low power BL Lacs and FSRQs, which host lighter black hole than typical blazars and radio galaxies. Another possible candidate is the flatspectrum RL-NLS1 (Yuan et al. 2008; Foschini et al. 2015; Berton et al. 2015 Berton et al. , 2016 . However, the jet properties (including jet power, Eddington-scaled jet power, and jet production efficiency) and central engine properties (including bolometric luminosity, black hole mass and Eddington ratio) are all different between RLNLS1s and FR IIs in FRIICAT (Table 1 ). In addition, the radio morphologies of RL-NLS1s are often found to be compact (Gu & Chen 2010; Gu et al. 2015) . RLNLS1s also show strong emission lines, which is different with the LEG properties of FRICAT and FRIICAT.
We stress that it still lacks detailed information on black hole mass and accretion property for a substantial sample of BL Lacs, which prevent a detailed comparison for the jet-disk connection between FR Is and low power blazars, as well as between LBLs and LEG/FR IIs. BL Lacs with emission lines are found to own similar properties with FSRQs (Sbarrato et al. 2014) . For lineless BL Lacs, the bolometric luminosity, even the black hole mass, is difficult to be constrained. Some attempts are based on the SED fit with a standard disk model (Ghisellini et al. 2010) . As BL Lacs are believed to be powered by radiatively inefficient accretion, we do not include these samples in our work.
The Unification between RL-NLS1s and Young
Radio Sources
The discover of γ-ray NLS1s presents a problem that what is the parent population of them. Steepspectrum RL-NLS1s are nature candidates. But the number of steep-spectrum RL-NLS1s are much less than the expected from the aligned estimation (Berton et al. 2016) . Thus some authors suggested YRSs as the parent population of γ-ray NLS1s (or flatspectrum RL-NLS1s, Foschini et al. 2015; Berton et al. 2016) . Berton et al. (2016) investigated the luminosity function and properties of central engines, and concluded that HEG/CSSs could be the aligned counterparts of flat-spectrum RL-NLS1s. Limited by their sample size, more explorations are needed.
The jet powers of YRSs in our samples show a very broad distribution from 10 42 erg s −1 to 10 47 erg s −1 , while the jet powers of RL-NLS1 are generally less than 10 45 erg s −1 . The Eddington-scaled jet power of RLNLS1s is larger than that of YRSs, while the jet production efficiency is on the opposite. The black hole masses of young radio sources are larger than RL-NLS1s, which is similar with the suggestions of Fan et al. (2017) based on a much smaller sample. The mean Eddington ratio of RL-NLS1s is larger than that of YRSs (Table 1) . These results suggest that YRSs are not the unified version of flat-spectrum RL-NLS1s, although the subclasses of YRSs, i.e., low power HEG/CSSs can be a possible candidate (Berton et al. 2016; Berton 2018) . Combined with the difference on the propertied of host galaxies between YRSs and RL-NLS1s (O'Dea 1998; Foschini et al. 2015) , the unification between these two types of jetted AGNs are more complicated than the simple orientation effect. There seems the black hole growth and galaxy evolution also take an role.
The jet production efficiency of YRSs is generally equal to 1, similar with the sources of low Eddington ratio. On the P j /L bol -L bol /L Edd plane, YRSs are obviously incompatible with the negative correlation between these two parameters (bottom panel of Figure 10 ). The eccentric high jet production efficiency of YRSs has been noted in the previous work (Wu 2009; Liao et al. 2019) . This feature can be seen as an evidence of the early-stage jet activity for YRSs. RL-NLS1s are also accepted to be the evolved version of AGNs. Their jet production efficiency is also larger than that of FSRQs, but lower than that of YRSs (Table 1) . It is expected that high mass black hole will result in high power jet, at least for the sources with same accretion mode. Several authors suggested that black hole systems had similar jet power if the black hole mass was normalized (Foschini 2017b; Paliya et al. 2019) . We have divided the jet power with Eddington luminosity, and find that different types of jetted AGNs show different ranges of P j /L Edd (Figure 7 and Figure 10 ). In addition, there is also suggestion that jet power scales with black hole mass with P j ∝ M 1.4 BH , which is similar for both radiatively efficient and inefficient accretions (for radiatively inefficient accretion, jet power also scales with accretion rate, i.e., P j ∝ Heinz & Sunyaev 2003) . Following the suggestion of Foschini (2017b) , we explore the distribution of P j /M 1.4 BH (hereafter normalized jet power, top panel of Figure 11 ) for our samples. Different types of sources also show different ranges of normalized jet power. RLNLS1s and fractional YRSs still have the largest normalized jet powers. FR Is have the smallest normalized jet powers. The normalized jet power of low Eddington ratio objects show very different behaviors with the higher Eddington ratio ones. For the high Eddington ratio sources, the normalized jet power are increased with the Eddington ratio. For low Eddington ratio sources, this trend is very weak.
Black Hole Mass and the Evolution of Jetted AGNs
We also fit the relation between jet power and black hole mass. The result is plotted in the bottom panel of Figure 11 . The linear relation gives that P j ∝ M 0.50±0.05 BH with a large scatter of 0.73 dex.
RL-NLS1s are believed as the low black hole mass version of FSRQs and HEG/FR IIs (Abdo et al. 2009 ). We compare the properties between these two types of sources. The Eddington-scale jet power, normalized jet power and jet production efficiency are all different between RL-NLS1s and FSRQs (Table 1) , which indicates that the jet activities of these two types of sources are also different besides the black hole mass. The evolution of accretion and environment seems important in addition to the black hole growth.
SUMMARY AND CONCLUSION
Jet power is a fundamental parameter of jet physics. It is important to distinguish and unify different subclasses of jetted AGNs. In this paper, we estimate the jet power for various samples of jetted AGNs with the low-frequency radio data at 150 MHz from TGSS AD1. With these jet power estimations, we firstly compare the jet power among different subclasses of blazars. The jet power of LBLs shows a bimodal distribution with a transition point at about 10 44.6 erg s −1 . This suggests there are two types of LBLs. The first is indeed BL Lacs with low jet power and featureless optical spectra. The other is FSRQs which are classified as BL Lacs due to some intrinsic differences, or selection effects, e.g., the dilutions due to the beaming emission from jet (e.g. Giommi et al. 2012) .
After correcting the contribution from radio core of blazars, the unification between blazars and radio galaxies is confirmed with the jet power distributions. There are also a new class of low power radio galaxies with lower black hole mass than typical blazars and radio galaxies.
The optical and accretion properties of nearby radio galaxies have been wildly explored (see the review of Tadhunter 2016). For other jetted AGNs, the accretion properties are hard to constrain due to the overwhelming jet contribution (blazars, especially lineless BL Lacs), or limited sample sizes (RL-NLS1s and YRSs). In this paper, we explore the jet-disk connection combined various samples of jetted AGNs. Our results manifest that the jetted AGNs can be divided into two populations on the Eddington ratio -Eddington-scaled jet power plane. This division seems related to the accretion modes. As the jet power of high Eddington ratio sources is less than the accretion power, while the low Eddington ratio sources show the opposite trend. The jet production efficiency of jetted AGNs is also important to distinguish their subclasses and intrinsic properties, such as the accretion modes. Jetted AGNs follow similar negative correlation between Eddington ratio and jet production efficiency.
HEG and LEG FR IIs are clearly separated by the equation line on the Eddington ratio -Eddingtonscaled jet power diagram, and by the line L bol = 0.01 L Edd on the P j -M BH plane. We suggest an evolutional sequence of accretion process and jet activity among various classes of radio galaxies, which evolves from HEG/FR IIs, LEG/FR IIs to FR Is. The high power LBLs (> 10 44.6 erg s −1 ) might unify with LEG/FR IIs.
The Eddington-scaled jet power and jet production efficiency of NLS1s and FSRQs are not consistent with each other. These results suggest that the unification between NLS1s and other jetted AGNs is more complicated rather than the black hole growth from smaller black hole to heavier ones. In addition, the unification between NLS1s and YRSs is not confirmed based on the properties of jet and central engines.
YRSs are the obviously outliers on the Eddington ratio -Eddington-scaled jet power plane and Eddington ratio -jet production efficiency palne. They show higher jet power than accretion power with relatively high Eddington ratio. They also show higher jet production efficiency than other objects with high Eddington ratio.
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